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T HE EQUAL EFFECTIVENESS of sodi-
um fluosilicate and sodium fluoride in re-

ducing dental caries in the white rat, given at a
level of 50 p.p.m. fluorine in drinking water,
has been demonstrated by the National Insti-
tute of Dental Research, Public Health Serv-
ice (1).
Although sodium fluosilicate, Na2SiF., is

cheaper than sodium fluoride, NaF, its use for
the fluoridation of municipal water supplies
may be limited to some extent by its solubility.
Ammonium fluosilicate, (NH4)2SiF., is consid-
erably more soluble than either of these two
fluorine compounds, and it is also cheaper than
sodium fluoride.
The price (2) of the three fluorine compounds

and their solubility (3) are as follows:

Price in cents Solubility
Per lb. Gm. per 100 gm.

Per lb. ofF H2O at 17.0 C.
Na2SiF -7. 0 10.6 0.65
(NH4)2SiF-11.0 16.0 18. 5
NaF - 11. 5 25.5 4 3

The high solubility and high fluorine content
of ammonium fluosilicate make it especially
useful in small water plants. It may be used
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in either liquid or dry chemical feeders. By a
special process, it has been made free flowing
to prevent clogging of the dry feeder (4). The
treatment of some water requires the addition
of ammonia to reduce the odor and taste, and
in this case ammonium fluosilicate may be par-
ticularly applicable because it may eliminate
the ammoniation operation. It appears, there-
fore, that ammonium fluosilicate would meet
the engineering requirements common to most
fluoridation installations as described by Maier
(5, 6).
In addition, a fluorine compound suitable for

fluoridation must meet certain physiological re-
quirements. This study, therefore, presents
laboratory data on physiological properties of
ammonium fluosilicate pertinent to its use as a
practical water fluoridating agent. Sodium
fluoride was used as a basis of comparison.
The properties studied in the growing white

rat were: (a) the inhibition of dental caries;
(b) development of incisor striations; (c) the
deposition of fluorine in bones and teeth; (d)
calcification of bones as determined by ash con-
tent; (e) average daily weight gain; and (f)
any gross evidence of untoward physiological
effects.

Materials and Methods

The sodium fluoride used in this study was
an analytical grade reagent and its purity was
accepted according to assay. The purity of the
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Table 1. DailY gain In weight, caries Inhibition, deposition of fluorine, and percent ash In bones and
teeth of rats receiving distilled water and different fluoride solutions

NaF+
Item H,O NaF (NH4)2SiF, Na.SiOs+

(NH4)2CO3

Number of rats- - 22 24 21 23
F intake (mg.) -0 60. 7 59. 8 59. 9
Days on experiment -99 99 99 99
Initial weight (gm.)_-6 50 50 51 49
Final weight (gm.)- -190 190 180 185
Average daffy gain (gm.) - 1.4 1.4 1.3 1. 4

Caries diagnosis

Numberrats with caries-19 15 13 15
Percent rats with caries -86.4 62.5 61.9 65.2
Number carious teeth per carious rat- 3. 0 2. 3 2. 4 2. 3
Number carious areas per carious rat -6. 2 & 1 3 2 2. 8
Caries score per carious rat -14.1 6. 6 6. 7 5.6
Fluorosis index -0 O 1. 9 2. 0 2. 0

Percent fluorine in bones and teeth (ash basis)

Molars- -_- .006 .216 .226 .236
Incisors -. 002 .168 .180 .163
Mandibles -. 005 .419 .439 . 430
Femurs -l . 005 .452 .462 . 477

Percent ash in bones and teeth

Molars- - 75.8 76. 1 75.6 75.3
Incisors - 76.1 76.0 76.5 75.7
Mandibles- -- 70.0 71.3 70. 7 71.1
Femurs -------------------| 63. 9 63.1 64. 3 64. 8

ammonium fluosilicate was assessed by analysis
for F, Si, and N (Kjeldahl), and the percent
of theoretical purity found was 101.7, 96.0, and
100.1, respectiveJy.
Thirty litters of four female weanling Os-

borne-Mendel rats were divided into 4 groups
of 30 rats each. Group I received distilled
water (control); group II received 50 p.p.m.
F as NaF; group III received a solution of
(NHI)2SiFs containing 50 p.p.m. F; and group
IV received a composite fluoride solution of the
following composition: 0.1105 gm. NaF, 0.3538
gm. Na2SiO. * 9H20, and 0.0421 gm. (NH4) 2C03,
made up to 1 liter. The composite solution
contained 50 p.p.m. F and furnished a concen-
tration of silicon and ammonium ion equivalent
to that provided by the ammonium fluosilicate
solution. Use of this solution made it possible
to observe the relation of these ions to the effect

of fluoride. The pH of all drinking solutions
was adjusted to 5.5-6.0. The cariogenic diet
(1) and all drinking fluids were ingested ad
libitum, and fluoride intake was equalized
throughout the experiment by substituting dis-
stilled water for the fluoride drinking fluid for
short periods of time.
At the end of 99 days the surviving animals

were killed and the molar teeth scored for den-
tal caries according to Cox and associates (7).
The degree of incisor fluorosis was arbitrarily
scored 0, 1, 2, or 3, that is, none, mild, moderate,
and severe, and a mean fluorosis index was cal-
culated for each group. The femurs, mandibles,
and molar and incisor teeth of 10 rats of each
group, nearest the mean weight for that group,
were pooled by tissue, dried, extracted with alco-
hol and ether, and ground to pass through a
60-mesh sieve. All tissues were then ashed at
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5500 C. for 3 hours and analyzed for fluorine
(8 9).

Table 2. Statistical comparison of caries ex-
perience: "p" values of differences between
groups

Results

The caries inhibiting effect of the fluoride
solutions and the deposition of fluorine in the
bones and teeth are shlown in table 1.
There was no gross evidence of toxicity in the

rats receiving either ammonium fluosilicate or
sodium fluoride, and the average daily weight
gains -were comparable for each group. In
addition, no difference was found in the severity
of fluorosis produced in the three groups of ex-
perimental rats receiving the different fluoride
solutions. The fluorosis indexes for the fouar
groups of rats were 0.0, 1.9, 2.0, and 2.0, respec-
tively (table 1).
Ammonium fluosilicate was as effective as

sodium fluoride in inhibiting caries. There was
a 28.4 percent and 27.7 percent reduction in the
caries incidence and a 52.5 percent and 53.2 per-
cent reduction in the caries score per carious rat
in the animals receiving the ammonium fluosili-
cate and sodium fluoride solutions, respectively.
The chi square test was used to test the dif-

ference in the caries incidence between the con-
trol and treated rats according to. the following
formula:

T(AD-BC-T/2)2
2=X(A+B) (C+D) (A+±) (B+D)

where T=Total number of rats (90)
A=Number of carious control rats (19)
B=Number of noncarious control rats (3)
C=Number of carious experimental rats (43)
D=Number of noncarious experimental rats

(25)

The difference was found to be significant at
the 5 percent level using a one-sided significance
test (X2=3.14).
The caries scores per carious rat, shown in

table 1, were compared by analysis of variance
(10), and the probability (p) values are found
in table 2.
For each of the caries categories tested as

shown in table 2, the caries results for the ex-
perimental groups are significantly lower
(table 1) than those for the control group, and
no significant differences exist between the
groups receiving different fluoride solutions.
No significant differences are apparent in the

Group

Significance of differences
between control and ex-
perimental fluorine
grouips

Significance of differences
between experimentalflu.
orine groups___

Carious
teeth
per

carious
rat

<0. 05

>.05

Carious
areas
per

carious
rat

<0. 01

>. 05

Caries
score
per

carious
rat

<0. 01

>. 05

deposition of fluorine in the bones and teeth of
rats on the various fluoride regimens (table 1).
Similarly, no significant differences are found
in the ash content of bones and teeth of rats on
the various fluoride regimens. These current
data on caries inhibition, fluorine deposition,
and ash agree closely with similar data obtained
in a previous study (1).
Hence, it appears that ammonium fluosilicate

and sodium fluoride were similar with respect
to all the criteria investigated. There were no
significant differences in the average daily
weight gains, the degree of fluorosis, the reduc-
tion of dental caries, and in the amounts of
fluorine and ash deposited in the bones and
teeth.

Discussion

It is not surprising that ammonium fluosili-
cate proved to be similar to sodium fluoride at
a level of 50 p.p.m. F in drinking water in its
cariostatic effect and in its ability to deposit
fluorine in bones and teeth of the white rat.
Previous comparisons between sodium fluoride
and sodium fluosilicate at 50 p.p.m. F in drink-
ing water have shown no differences in the
amount of fluorine deposited in bones and teeth
(8), in the extent of incisor fluorosis, and in
the reduction of caries (1).

Theoretically, ammonium fluosilicate would
yield fluorine ion quantitatively upon hydrol-
ysis according to the following scheme (11):

(NH4) SiFe.2NH4++SiFs.
SiF4-+2HOH-SiO2+6F-+4H+

(NH14)2SiF.+2HOH--2NH4++6P-+4H+ SiO2
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These reactions also indicate that solutions
of ammonium fluosilicate would have an acid
reaction and in fact did have a pH of 3.4-3.6.
In an acid medium, such as the gastric juice,

the silicon of Na2SiOs would be present as SiO2
and hence should react like the silicon of SiFe
according to the following reactions:

Na2 9iOg!=2Na++S1O,
SiO8= +2H+-iSiO2+H2O

Na2SiO3+2H+-*2Na++SiO2+H20
The composite solution was similar to the

ammonium fluosilicate and sodium fluoride
solutions according to the criteria investigated.
It appears, also, that neither the ammonium ion
nor silicon interfered with the physiological re-
actions characteristic of the fluoride ion.
The results of this study indicate, therefore,

that (NH4)2SiF6 is hydrolyzed in dilute solu-
tion and behaves physiologically like the solu-
tion of NaF.

Conclusions

1. A comparison was made of the ability of
sodium fluoride, NaF, and ammonium fluosili-
cate, (NH4)2SiF6, solutions containing 5 p.p.m.
F to reduce caries and deposit fluorine in the
bones and teeth of the white rat.

2. No differences were observed in the amount
of fluorine and ash deposited in the molars,
incisors, mandibles, and femurs.

3. There was no difference in the rate of
growth among all groups of rats.

4. There was no difference in the production
of incisor striations.

5. Ammonium fluosilicate was as effective as
sodium fluoride in inhibiting caries in the white
rat.

6. The data suggest that ammonium fluosili-

cate may be equally as effective as sodium fluo-
ride as a fluoride carrier for the fluoridation of
municipal water supplies.

ACKNOWLEDGMENTS

The Daniel H. Jones Laboratories, Inc., Camden,
N. J., provided the sample of (NH4)2SiF. used in the
study, Charles G. Remsburg analyzed this compound,
and Nathan Mantel assisted in statistical treatment
of the data.

REFERENCES

(1) Zipkin, I., and McClure, F. J.: Complex fluorides:
Caries reduction and fluorine retention in the
bones and teeth of white rats. Pub. Health
Rep. 66: 1523-1532 (1951).

(2) Oil Paint and Drug Reporter. Jan. 4, 1954 issue.
(3) Seidell, A.: Solubilities of inorganic and organic

compounds. New York, N. Y., Van Nostrand Co.,
1919, Vol. 1.

(4) Daniel H. Jones Laboratories. Bull. 11-53.
Camden, N. J., The Laboratories, 1953, 6 pp.

(5) Maier, F. J.: Fluoridation of public water sup-
plies. J. Am. Water Works A. 42: 1120-
1132 (1950).

(6) Maier, F. J.: Engineering problems in water
fluoridation. Am. J. Pub. Health 42: 249-254
(1952).

(7) Cox, G. J., Dodds, M. L., Dixon, S. F., and Matu-
schak, M. C.: Experimental dental caries. III.
A system of recording corn meal caries in rats.
3. Dent. Res. 18: 469-480 (1939).

(8) Willard, H. H., and Winter, 0. B.: Volumetric
method for determination of fluorine. Indust.
& Engin. Chem. Analyt. Ed. 5: 7-10 (1933).

(9) McClure, F. J.: Microdetermination of fluorine
by thorium nitrate titration. Indust & Engin.
Chem. Analyt. Ed. 18: 171-173 (1939).

(10) Snedecor, G. S.: Statistical methods. Ed. 4.
Ames, Iowa State Press, 1946.

(11) McClure, F. J.: Availability of fluorine in sodium
fluoride vs. sodium fluosilicate. Pub. Health
Rep. 65: 1175-1186 (1950).

4
Vol. 69, No. 8, August 1954 733

304906-54-3


